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To deliver reliable electricity to consumers on a dependable basis, electric utility
companies must control undesirable woody vegetation growing on powerline rights-ofway (ROW).
Six study sites were utilized for field experiments conducted in the summers of
2008 and 2009 in Neshoba County, Mississippi. This research focused on brush control
on electric utility powerline distribution rights-of-way (ROW) using treatments with a
recently formulated herbicide (aminocyclopyrachlor) compared to existing conventional
treatments in a standard vegetation treatment program. Aminocyclopyrachlor treatments,
regardless of rate or method of application, were ineffective as a stand-alone herbicide on
most brush species in the study.
Another experiment was conducted in the spring of 2008 on one site in Lowndes
and Oktibbeha counties, Mississippi to evaluate efficacy of DAS 2706 compared with
other selected bareground herbicides. Results of the experiment indicate that DAS 2706
is not a likely candidate for successful stand-alone bareground herbicide treatment.
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CHAPTER I
INTRODUCTION

Rights-of-way (ROW) for electrical powerlines are strips of land maintained by
electric utility companies for safe and reliable transmission of electricity (Abrahamson et
al. 1991a.; Abrahamson et al. 1991b.; Geyer et al. 1994). Electricity is transmitted from
generation plants along transmission lines to substations that store electricity (Parker
2001; Peters 2000). Distribution lines then transmit electricity from substations to
consumers (Peters 2000). Transmission powerlines generally carry a heavier voltage load
than distribution lines, thus transmission lines generally have a much larger ROW than
distribution lines (Parker 2001; Peters 2000). In Mississippi, more than 150,000 km of
distribution power-lines supply electricity to consumers (Stringer 2009).
To deliver uninterrupted electricity to customers on a reliable basis, utility
companies must control undesirable woody vegetation growing on millions of hectares of
powerline ROW (Sulak and Kielbaso 2000). Thus, a well-maintained ROW is vital to
maintain economic growth and sustainability, educate individuals, care for the sick, and
provide a safe and consumable food supply across the United States (Brown 2002).
There are two basic methods that utility companies can use to control or maintain
disruptive vegetation: mechanical and chemical (Mercier et al. 2001; Sulak and Kielbaso
2000). Chemical control on utility ROW has become increasingly popular over the past
several decades because of long-term economical benefits (Kidd 1987). The use of
1

herbicides has greatly enhanced the ability to effectively and economically control
vegetation on utility ROW (Kidd 1987). Most utility companies in the U.S.
acknowledge using some form of herbicides on their ROW. However, hectares treated
mechanically still outnumber those treated chemically by a ratio of almost three to one
(Sulak and Kielbaso 2000).
For a ROW, a pest is defined as any living organism that diminishes the safety,
utility, attractiveness, or effectiveness of the ROW (Petroff 2004). Utility ROW
managers assess herbicide effectiveness differently than producers of agricultural crops.
Central Electric Power Association ROW manager, Mike Stewart, specified that the
typical goal of a ROW manager is to control a minimum of 90% of woody stem brush
species for no less than one year. An effective herbicide application on a powerline
corridor should eliminate target species (i.e., those species that have the potential to grow
to heights that are not well-suited for safe ROW maintenance) while at the same time
promote the growth of low-growing species such as grasses and forbs (Geyer et al. 1994;
Luken et al. 1993; Yahner 2004). The utility ROW managers’ goal is to extend these
management cycles by encouraging vegetation that inhibits tree growth (Luken et al.
1993). This method of ROW vegetation control not only reduces maintenance costs to
utility companies and their customers, but also provides aesthetic and wildlife habitat
values (Yahner 2004).
Yahner (2004) determined that sound habitat management via sensible use of
herbicides for vegetation maintenance on ROW establishes an aesthetic ecosystem that is
remarkably diverse in terms of animals and plants. This method of ROW maintenance
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also has cost saving benefits for the utility companies, which in turn can be passed on to
the consumers of electricity (Geyer et al. 1994; Yahner 2004).
Not only does the use of herbicides to control vegetation of unacceptable heights
on utility ROW have aesthetic and fiscal benefits, it also benefits wildlife by promoting
plants such as grasses and forbs (these plants have no threat of causing power outages)
that are more suitable for many species’ diet and habitat (Confer and Pascoe 2003;
Yahner 2004). The National Wild Turkey Federation’s (NWTF 2008) Energy for
Wildlife is a program in which utility companies along with chemical manufacturers have
teamed to manage and develop millions of kilometers of ROW into ideal habitat for a
number of wildlife species.
Herbicides can be applied to vegetation on power-line ROW using several
different application methods such as basal, hack and squirt, cut-stump application, lowvolume foliar with an aircraft, back-pack or handgun spraying, or high volume foliar
sprays with an all-terrain vehicle (ATV), skidder, or tractor (Gangstand 1989; Kidd 1987;
Sulak and Kielbaso 2000).
Along with the importance of a well-maintained ROW, it is also essential to have
weed-free electrical substation yards. However, there is very little research published on
maintenance of electrical substation yards. Electrical substations are power distribution
centers, transforming high voltage to a low voltage before distributing to the residential
community (USEUI 1968). It is important for sites such as these to be free of vegetation,
for safety purposes (Geyer et al. 2002). Ten to fifteen centimeters of rock gravel is often
required for ground cover in electrical substation yards (McDonald 2003). This feature
also benefits the operation and maintenance of the facility by providing appropriate site
3

drainage, reducing weed growth, improving working conditions, and enhancing aesthetics
(McDonald 2003; USEUI 1968).
The use of herbicides is often the ideal method of vegetation control in these
electrical substation yards to maintain a weed-free area (McDonald 2003). Because
gravel makes an electrical substation yard a porous area with low cation exchange
capacity, it often does not retain soil applied preemergence chemicals well. Therefore,
herbicides with low water solubility (those absorbed through the leaves) and contact
herbicides are often the most suitable for control of both annual and perennial weeds in
electrical substation yards (Gangstad 1989).

4
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CHAPTER II
EVALUATING AMINOCYCLOPYRACHLOR ON POWER-LINE RIGHTS-OF-WAY

Abstract
Six study sites were utilized for field experiments in the summer of 2008 and
2009 in Neshoba County, Mississippi to compare brush control on electric utility powerline distribution rights-of-way (ROW) using treatments with a recently discovered
herbicide compared to treatments in a standard vegetation treatment program and
evaluate efficacy differences between individual stem treatment and broadcast
application methods. Each study site received six treatments and one untreated control.
The six study sites functioned as replications. The treatments were a factorial
arrangement of three herbicides and two application techniques. The three herbicide
treatments consisted of 1% and 3% aminocyclopyrachlor volume per volume (V/V), and
a herbicide mixture of 5% (V/V) Krenite® S (41.5% fosamine by weight) plus 1% (V/V)
Tordon® K (24.4% picloram by weight) plus 0.75% (V/V) Arsenal® Powerline™
(26.7% imazapyr by weight), and an untreated control. All herbicide treatments included
0.5% (V/V) Alligare® 90, a non-ionic surfactant (NIS). Each herbicide was applied as an
individual stem foliar spray treatment with a CO2-pressurized backpack applicator or as a
ROW broadcast treatment with an ATV and a boomless spray system.
The experiment focused on control of four species of woody perennial plantsEastern baccharis (Baccharis halimifolia), sweetgum (Liquidambar styraciflua), loblolly
7

pine (Pinus taeda) - and oaks (Quercus spp.). Brush control was evaluated 30, 270, and
360 days after treatment (DAT). Brush control was visually evaluated by classing the
brush into three categories- 1, 2, and 3. A rating of 1 was assigned if the given plant
appeared to have less than 20% injured foliage. A rating of 2 was assigned if the given
plant appeared to have between 20% and 80% injury. A rating of 3 was assigned if the
given plant appeared to have greater than 80% injury. Analysis of data indicated that
aminocyclopyrachlor treatments, regardless of rate or method of application, were less
effective as a stand-alone herbicide on all brush species with exception to Eastern
baccharis compared to the herbicide mixture. There was no difference in the average of
means in the two methods of application.
Nomenclature: fosamine; picloram; imazapyr; Baccharis halimifolia; Liquidambar
styraciflua; Pinus taeda; Quercus spp.
Abbreviations: ROW, right-of-way; V/V, volume per volume; NIS, nonionic
surfactant; CO2, carbon dioxide; DAT, day after treatment
Introduction
Vegetation that grows to unacceptable heights, such as trees and/or brush can
interfere in the transmission of electricity by growing or falling into power-lines
(Abrahamson et al. 1991). In order to deliver continuous, uninterrupted electricity to
consumers on a dependable and consistent basis, utility companies must control
undesirable woody vegetation growing on utility ROW (Sulak and Kielbaso 2000).
A successful herbicide application on a power-line corridor should eliminate
target species (plants that grow to unacceptable heights), but should create stable plant
communities, which reduce brush and woody species on the ROW (Niering and Goodwin
8

1974; Geyer et al. 1994; Luken et al. 1993; Yahner 2004). This biological/ecological
control creates a long-term reduction in treatment efforts, which over time, decreases the
amount of herbicide needed to continually control vegetation of unacceptable heights
(Nowak and Abrahamson 1993; Finch and Shupe 1997). This helps utility ROW
managers achieve their goal of extending vegetation management cycles (Luken et al.
1993). Therefore, this method of ROW vegetation control reduces maintenance costs to
utility companies as well as their consumers (Yahner 2004).
Because ROWs are established in both densely populated urban areas and in
sparsely populated rural areas, controlling plants in ROW requires a thorough
understanding of pest management principles (Petroff 2004). It is necessary to
understand that certain plants on a ROW are desirable, while other plants are problematic
(Petroff 2004, Yahner 2004). White-tailed deer (Odocoileus virginianus) browse and
graze on blackberry, sweet fern, various grasses, goldenrod, whorled loosestrife, and
other native plants; while songbird family groups forage expansively in search of insects
in the vegetation present on the ROW (Yahner 2004). However, vegetation of intolerable
heights can cause power outages by direct contact with lines, as limbs drop on lines or
damage electrical equipment or support structures, or by electrical arcing between tree
components and nearby high-voltage conductors (Simpson and Van Bossuyt 1996; U.S.–
Canada Power System Outage Task Force 2004). On distribution systems (electric
systems that allocate energy from home to home and/or business to business), vegetationrelated outages are a common problem (Simpson and Van Bossuyt 1996). Outages on
transmission lines are less tolerated, because these outages can potentially cause heavily
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populated areas to be without electricity for long periods of time (Parker 2001; Peters
2000).
Aminocyclopyrachlor is a prospective herbicide for the electric utility industry.
This herbicide was discovered in 2003 and is a member of the synthetic auxin family of
herbicides1. Synthetic auxins are used primarily to control broadleaf weeds in grass
crops, pastures, and turf, but numerous herbicides in this family provide good brush
control and are utilized to control woody vegetation in forestland and non-cropland sites
(Gibson 2004).
Aminocyclopyrachlor’s mode of action is similar to many other synthetic auxin
herbicides (such as 2,4-D, dicamba, and picloram) in that it interferes with plant
hormonal balance necessary for shoot and root development (Gibson 2004).
Aminocyclopyrachlor is readily absorbed by plant leaves and roots and translocates in
both xylem and phloem. The herbicide is biologically active in soil. It has also been
determined that aminocyclopyrachlor has an average half-life of 61 days and is
metabolized by soil microbes into numerous degradation products1. With more weed
resistance being discovered seemingly every day, the development of new herbicides is
essential to provide new tools to combat these weeds (Mithila et al. 2011).
This research focused on two main objectives: 1) evaluate brush control on
electric utility power-line distribution ROW with aminocyclopyrachlor compared to a
standard vegetation treatment program and 2) evaluate efficacy differences between
back-pack individual stem treatment and broadcast application methods.

1

DuPont Crop Protection. 2009. DuPont DPX-MAT28 herbicide technical bulletin.
Wilmington,
DE.
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Materials and Methods
Six study sites (three in 2008 and three in 2009) were utilized for field
experiments conducted on Central Electric Power Association’s distribution right-of-way
(ROW) in Neshoba County, Mississippi. Six sites were selected because no single site
large enough to replicate all treatments could be found that contained the ideal uniformity
of brush composition, density, height or size. Experimental sites selected for the study
were also constrained by the approval of The Mississippi Band of Choctaw Indians Tribal
Council and Chief and the vegetation manager for Central Electric Power Association.
Within these parameters, the sites with the most uniformity were chosen for treatment
application. For this reason, the sites vary in brush size, oak composition, and density
(Tables 2.1-2.2).
Each study site received six treatments and one untreated control. Each
experimental site averaged 50 m by 10 m in area. Each experimental site contained seven
blocks, which averaged 7.2 m by 10 m (Table 2.1). Each block received a unique
treatment. The treatment blocks were the same size on each site. However because the
size of each of the six sites was different, the blocks from site to site are different sizes.
The treatments consisted of three different herbicides and two application techniques,
along with an untreated control block. The three herbicide treatments consisted of 1%
and 3% aminocyclopyrachlor (DuPont numbered compound KJM-44; liquid formulation;
80% active ingredient) volume per volume (V/V), and a herbicide mixture of 5% V/V
Krenite® S (41.5% fosamine by weight) plus 1% V/V Tordon® K (24.4% picloram by
weight) plus 0.75% V/V Arsenal® Powerline™ (26.7% imazapyr by weight). All
herbicide treatments included 0.5% V/V non-ionic surfactant (NIS) (Table 2.3). Three of
11

the blocks within the study site consisted of each herbicide treatment applied as an
individual stem treatment applied with a CO2 pressurized system with a wand sprayer
with an 8002 VS tip. The individual stem treatment was applied via foliar spray until all
leaves of the target plant appeared to be wet; thus, the volume of foliar spray applied to
each plant is proportional to the size and available foliage on the target plants. Three
additional blocks at each study site had each herbicide treatment applied as a broadcast
treatment using a Kubota RTV900 which carried a gas engine-driven mounted sprayer
with broadcast Boominator™ spray tips calibrated to deliver 233 L/ha. The experiments
focused on four species of woody perennial plants- eastern baccharis (Baccharis
halimifolia), sweetgum (Liquidambar styraciflua), loblolly pine (Pinus taeda) - and oaks
(Quercus spp.). There were several species of oak present at each site. The oak species
present consisted of post oak (Quercus stellata), white oak (Quercus alba), water oak
(Quercus nigra), and cherrybark oak (Quercus pagoda). Because no single oak species
dominated, all members of the Quercus genus on the experiment sites were evaluated
together. Brush control was evaluated 30, 270, and 360 days after treatment (DAT).
Brush control was visually evaluated by classing the brush into three categories.
Category 1 was assigned if the given plant appeared to have less than 20% injured
foliage. Category 2 was assigned if the plant appeared to have between 20% and 80%
injury. Category 3 was assigned if the given plant appeared to have greater than 80%
injury. All data were analyzed with PROC GLM, PROC MEAN, and PROC GPLOT in
SAS 9.2. Interaction between method of application, herbicide treatments, species, and
number of days after treatment were all tested.
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Results and Discussion
Experimental sites selected for the study were constrained by the approval of The
Mississippi Band of Choctaw Indians Tribal Council and Chief and the vegetation
manager for Central Electric Power Association. Within these parameters, the sites with
the most uniformity were chosen for treatment application. Because no single site large
enough to replicate all treatments could be found that contained the ideal uniformity of
brush composition, density, height or size, treatments were replicated by site. Due to the
lack of replication at each experimental site, differences among treatments cannot be
stated with the same confidence compared to treatments replicated within sites. Also,
because there was no interaction between application method and species, data were
pooled over application methods. However, there was interaction between herbicide
treatment and species. Regardless of evaluation date, the herbicide mixture outperformed
both rates of aminocyclopyrachlor (Figures 2.2-2.4).
Loblolly Pine
The greatest level of loblolly pine control was achieved with the mixture of 5%
V/V Krenite® S (41.5% fosamine by weight) plus 1% V/V Tordon® K (24.4% picloram
by weight) plus 0.75% V/V Arsenal® Powerline™ (26.7% imazapyr by weight) (Figure
2.5). The herbicide mixture treatment outperformed both rates of aminocyclopyrachlor at
all three evaluation dates and controlled 78 to 80% of loblolly pines. Neither rate of
aminocyclopyrachlor controlled loblolly pine as well as the herbicide mixture.
Treatments of 3% aminocyclopyrachlor V/V provided higher levels of control than the
1% aminocyclopyrachlor V/V rate at all three evaluation dates, but all
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aminocyclopyrachlor treatments provided less than 60% control of loblolly pine, which is
far from acceptable for control on an electric utility ROW.
The level of loblolly pine control with the herbicide mixture treatment remained
consistent on all three evaluation dates (between 77 and 80%). The level of control also
remained consistent with both rates of aminocyclopyrachlor (between 53 and 54% for the
higher rate of aminocyclopyrachlor; between 33 and 35% for the lower rate of
aminocyclopyrachlor) throughout the evaluation period.
Based on this experiment, the level of control appears to be proportional to the
rate of aminocyclopyrachlor. Further studies are necessary to determine if it is possible
that a higher rate of this herbicide could provide better control loblolly pine, perhaps even
similar to the level of control provided by the herbicide mixture. Previous studies have
provided evidence that other synthetic auxin herbicides such as picloram provide
satisfactory control of loblolly pine (Bovey 1977).
Sweetgum
The herbicide mixture also provided the highest level of control of sweetgum in
the experiment. Both rates of aminocyclopyrachlor demonstrated poor control of
sweetgum relative to the herbicide mixture (Figure 2.6). The 3 and 1%
aminocyclopyrachlor V/V rates there were not different based on the average mean, in
terms of level of control. The herbicide mixture treatment demonstrated the highest level
of control of sweetgum relative to other treatments at all three evaluation dates.
The level of sweetgum control with the herbicide mixture remained consistent on
all three evaluation dates (between 74 and 78%). Level of control also remained
consistent with both rates of aminocyclopyrachlor (between 6 and 8% for the higher rate
14

of aminocyclopyrachlor; between 4 and 5% for the lower rate of aminocyclopyrachlor)
throughout the evaluation period (Figure 2.6). Roten (2011) also observed poor control
of sweetgum with aminocyclopyrachlor.
Aminocyclopyrachlor did not provide adequate control of sweetgum compared to
the herbicide mixture treatment. Aminocyclopyrachlor, a synthetic auxin, appears to
have less activity on sweetgum than imazapyr, a member of the imadazolinone family of
herbicide (which provides good control of sweetgum) (Gangstad 1989).
Eastern baccharis
As was observed on sweetgum and loblolly pine, the highest level of control for
baccharis was exhibited with the herbicide mixture treatment (Figure 2.7). At 30 DAT,
3% aminocyclopyrachlor V/V provided similar control to the herbicide mixture
treatment. However, at 270 DAT and 360 DAT the herbicide mixture treatment provided
better control of baccharis than the 3% aminocyclopyrachlor treatment. This data
suggests that aminocyclopyrachlor applied at these rates does not provide long lasting
control of baccharis compared to the herbicide mixture treatment.
Based on this experiment, the level of control appears to be proportional to the
rate of aminocyclopyrachlor. Therefore, it is possible that a higher rate of this herbicide
could control baccharis at a level similar to the level of control provided by the herbicide
mixture treatment. Furthermore, additional studies are necessary to determine if higher
rates of aminocyclopyrachlor would improve baccharis control.
The level of baccharis control with the herbicide mixture treatment remained
consistent on all three evaluation dates (between 72 and 83%). Level of control also
remained consistent with both rates of aminocyclopyrachlor (between 57 and 58% for the
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higher rate of aminocyclopyrachlor and between 44 and 46% for the lower rate of
aminocyclopyrachlor) throughout the evaluation period.
Based on these data, the 3% aminocyclopyrachlor V/V treatment displayed
potential as a stand-alone herbicide treatment for control of eastern baccharis. This
treatment provided similar control to the herbicide mixture treatment. Picloram, which
is also a member of the synthetic auxin family of herbicides, is commonly used to control
waxy-leaf plants such as Eastern baccharis (Gibson 2004; Miller and Miller 2005). The
data from this experiment are consistent with published reports of other synthetic auxin
herbicides, such as 2,4-D, 2,4,5-T, and picloram for baccharis control (Bovey 1977).
Oak
The herbicide mixture treatment provided the greatest control of oak compared to
the aminocyclopyrachlor treatments (Figure 2.8). The herbicide mixture treatment
outperformed both rates of aminocyclopyrachlor at all three evaluation dates. Neither
rate of aminocyclopyrachlor controlled oak as well as the herbicide mixture treatment.
The level of oak control with the herbicide mixture treatment remained consistent
on all three evaluation dates (between 83 and 87%). Level of control also remained
consistent with the 3% rate of aminocyclopyrachlor V/V at19%, which is too low to
make this treatment useful for oak control. There were no differences based on the
average mean in control between the 1% and 3% rate of aminocyclopyrachlor V/V. At
30 DAT, the 1% rate of aminocyclopyrachlor V/V provided less control than at the other
two evaluation dates (Figure 2.8). These data imply that this treatment does not provide a
rapid visual response on oak relative to the higher rate of aminocyclopyrachlor.
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Like sweetgum, oak is a hardwood (Miller and Miller 2005). Intermediate to
unsatisfactory control of oak and sweetgum with aminocyclopyrachlor treatments is
consistent with previous reports of synthetic auxin herbicides, such as 2,4-D, picloram,
and dicamba for hardwood control (Bovey 1977). The herbicide mixture treatment and
the aminocyclopyrachlor treatments provide similar control of the two hardwood species
in the experiment. Further studies are necessary to determine if higher rates of
aminocyclopyrachlor can be utilized for better oak control.
Summary
The highest level of acceptable control of the four species was achieved with the
herbicide mixture. Eastern baccharis was the only woody plant evaluated that either rate
of aminocyclopyrachlor indicated potential for acceptable control as a stand-alone
herbicide treatment. Both rates of aminocyclopyrachlor demonstrated poor control of the
hardwood species in this study, sweetgum and oak. Relative to the herbicide mixture
treatment, a lower level of control was demonstrated by the higher rate of
aminocyclopyrachlor on loblolly pines.
Aminocyclopyrachlor treatments resulted in similar responses by the same
respective species to other synthetic auxin herbicides such as dicamba, triclopyr, and
picloram (Gangstad 1989). High use rates of synthetic auxin herbicides are often
required to control species such as oak, pine, and sweetgum; while desired level of
control on eastern baccharis, may be achieved at lower application rates of synthetic
auxin herbicides (Gangstad 1989). The herbicide mixture treatment contained picloram
and provided similar levels of eastern baccharis control to the aminocyclopyrachlor
treatments. Further studies are necessary to determine if higher use rates of
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aminocyclopyrachlor can be utilized to control loblolly pine, sweetgum, and oaks as well
improved control of eastern baccharis.
Table 2.1

Table 2.2

Size of the six study sites in Neshoba County
Study Site

Length and Width of Each Site

Study Site 1

53m x 10m

Study Site 2

48.5m x 10m

Study Site 3

49m x 10m

Study Site 4

54m x 10m

Study Site 5

46m x 10m

Study Site 6

49.5m x 10m

Number of total stems of the four evaluated species on each of the six study
sites in Neshoba County
Study Site

Number of Total Stems per Site

Study Site 1

372

Study Site 2

285

Study Site 3

317

Study Site 4

564

Study Site 5

355

Study Site 6

181
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Table 2.3

Herbicides, rates, treatments and application methods evaluated for brush
control on utility rights of way.

Treatment #

Treatment

Rate (V/V)

Application Method

1

fosamine + picloram + imazapyr 5% + 1% + 0.75%

Back-pack

2

fosamine + picloram + imazapyr 5% + 1% + 0.75%

Broadcast

3

Aminocyclopyrachlor

3%

Back-pack

4

Aminocyclopyrachlor

3%

Broadcast

5

Aminocyclopyrachlor

1%

Back-pack

6

Aminocyclopyrachlor

1%

Broadcast

7

Untreated

Untreated

Untreated

All herbicide treatments included 0.5% non-ionic surfactant (NIS) (V/V)

Figure 2.1

Map of the 6 aminocyclopyrachlor evaluation ROW sites in Neshoba
County, MS
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Figure 2.2

Mean percentages of four woody plants exhibiting 80% visual injury
(category 3) at 30 DAT, averaged across application methods

All treatments contained 0.5% V/V nonionic surfactant. The herbicide mixture consisted
of 5% V/V Krenite® S (41.5% fosamine by weight) plus 1% V/V Tordon® K (24.4%
picloram by weight) plus 0.75% V/V Arsenal® Powerline™ (26.7% imazapyr by
weight), the 3% KJM treatment consisted of 3% aminocyclopyrachlor (DuPont numbered
compound KJM-44) V/V, and the 1% KJM treatment consisted of 1%
aminocyclopyrachlor (DuPont numbered compound KJM-44) V/V. Means followed by
the same letter are not different according Fisher’s Protected LSD at a level of 0.05.
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Figure 2.3

Mean percentages of four woody plants exhibiting 80% visual injury
(category 3) at 270 days after treatment (DAT), averaged across application
methods

All treatments contained 0.5% V/V nonionic surfactant. The herbicide mixture consisted
of 5% V/V Krenite® S (41.5% fosamine by weight) plus 1% V/V Tordon® K (24.4%
picloram by weight) plus 0.75% V/V Arsenal® Powerline™ (26.7% imazapyr by
weight), the 3% KJM treatment consisted of 3% aminocyclopyrachlor (DuPont numbered
compound KJM-44) V/V, and the 1% KJM treatment consisted of 1%
aminocyclopyrachlor (DuPont numbered compound KJM-44) V/V . Means followed by
the same letter are not different according Fisher’s Protected LSD at a level of 0.05.
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Figure 2.4

Mean percentages of four woody plants exhibiting 80% visual injury
(category 3) at 360 days after treatment (DAT), averaged across application
methods

All treatments contained 0.5% V/V nonionic surfactant. The herbicide mixture consisted
of 5% V/V Krenite® S (41.5% fosamine by weight) plus 1% V/V Tordon® K (24.4%
picloram by weight) plus 0.75% V/V Arsenal® Powerline™ (26.7% imazapyr by
weight), the 3% KJM treatment consisted of 3% aminocyclopyrachlor (DuPont numbered
compound KJM-44) V/V, the 1% KJM treatment consisted of 1% aminocyclopyrachlor
(DuPont numbered compound KJM-44) V/V. Means followed by the same letter are not
different according Fisher’s Protected LSD at a level of 0.05.

22

Figure 2.5

Percent of loblolly pine exhibiting 80% visual control (category 3) by
herbicide treatment and evaluation times, averaged across application
methods

All treatments contained 0.5% V/V nonionic surfactant. The herbicide mixture consisted
of 5% V/V Krenite® S (41.5% fosamine by weight) plus 1% V/V Tordon® K (24.4%
picloram by weight) plus 0.75% V/V Arsenal® Powerline™ (26.7% imazapyr by
weight), the 3% KJM treatment consisted of 3% aminocyclopyrachlor (DuPont numbered
compound KJM-44) V/V, and the 1% KJM treatment consisted of 1%
aminocyclopyrachlor (DuPont numbered compound KJM-44) V/V. Means followed by
the same letter are not different according Fisher’s Protected LSD at a level of 0.05.
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Figure 2.6

Percent of sweetgum exhibiting 80% visual control (category 3) by
herbicide treatment and evaluation time, averaged across application
methods

All treatments contained 0.5% V/V nonionic surfactant. The herbicide mixture consisted
of 5% V/V Krenite® S (41.5% fosamine by weight) plus 1% V/V Tordon® K (24.4%
picloram by weight) plus 0.75% V/V Arsenal® Powerline™ (26.7% imazapyr by
weight), the 3% KJM treatment consisted of 3% aminocyclopyrachlor (DuPont numbered
compound KJM-44) V/V, and the 1% KJM treatment consisted of 1%
aminocyclopyrachlor (DuPont numbered compound KJM-44) V/V. Means followed by
the same letter are not different according Fisher’s Protected LSD at a level of 0.05.
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Figure 2.7

Percent eastern baccharis exhibiting 80% visual control (category 3) by
herbicide treatment and evaluation time, averaged across application
methods

All treatments contained 0.5% V/V nonionic surfactant. The herbicide mixture consisted
of 5% V/V Krenite® S (41.5% fosamine by weight) plus 1% V/V Tordon® K (24.4%
picloram by weight) plus 0.75% V/V Arsenal® Powerline™ (26.7% imazapyr by
weight), the 3% KJM treatment consisted of 3% aminocyclopyrachlor (DuPont numbered
compound KJM-44) V/V, and the 1% KJM treatment consisted of 1%
aminocyclopyrachlor (DuPont numbered compound KJM-44) V/V. Means followed by
the same letter are not different according Fisher’s Protected LSD at a level of 0.05.
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Figure 2.8

Percent oak exhibiting 80% visual control (category 3) by herbicide
treatment and evaluation time, averaged across application methods

All treatments contained 0.5% V/V nonionic surfactant. The herbicide mixture of 5%
V/V Krenite® S (41.5% fosamine by weight) plus 1% V/V Tordon® K (24.4% picloram
by weight) plus 0.75% V/V Arsenal® Powerline™ (26.7% imazapyr by weight), the 3%
KJM treatment consisted of 3% aminocyclopyrachlor (DuPont numbered compound
KJM-44) V/V, and the 1% KJM treatment consisted of 1% aminocyclopyrachlor (DuPont
numbered compound KJM-44) V/V. Means followed by the same letter are not different
according Fisher’s Protected LSD at a level of 0.05.
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CHAPTER III
EVALUATING DAS 2706 FOR BAREGROUND APPLICATION

Abstract
This experiment was based off of a protocol provided by the cooperator- Dow
AgroSciences. This experiment was conducted in the spring of 2008 on a site in Lowndes
County, Mississippi and another site in Oktibbeha County, Mississippi to evaluate
efficacy of DAS 2706 compared with other selected herbicides. Thirteen herbicide or
herbicide combinations were applied to three replicates at each site after an initial burndown application of 9 L/ha glyphosate to the entire experimental sites to kill existing
vegetation. Each herbicide was applied to an area 3 m by 1.5 m in a randomized
complete block design. All treatments were applied as a broadcast spray with a 8002 VS
flat fan nozzle boom on a CO2 pressurized backpack calibrated to deliver 233 L/ha.
Evaluations were taken at 30, 60, 90, and 120 days after treatment (DAT). Total
vegetation (or bareground) control was evaluated in this experiment. Control was
evaluated in the form of percent bareground with 0 being no vegetation control and 100
being complete vegetation control.
While there were no differences among all treatments in 30, 60, and 90 DAT
evaluations, differences were noticed in the 120 DAT observations. Treatments of DAS
2706 as a stand-alone herbicide did not provide good bareground control relative to
treatments of diuron plus sulfometuron and diuron plus bromacil at 120 DAT. Analysis
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of data indicated that DAS 2706 is not a likely candidate for successful stand-alone
bareground herbicide treatment.
Nomenclature: glyphosate; DAS 2706; aminopyralid; sulfometuron-methyl;
diuron; bromacil; tebuthiuron; chlorsulfuron
Abbreviations: CO2, Carbon dioxide; V/V, volume per volume; NIS, nonionic
surfactant; DAT, day after treatment.
Introduction
A weed-free electrical substation yard is a common vegetation management goal
within the electric utility industry (Blair and Witt 2004). Electrical substations are energy
allocation centers that transform high voltage to low voltage before distributing to the
residential community (USEUI 1968). It is important for sites such as these to be free of
vegetation for safety purposes; moreover vegetation growing in and around an electric
substation is a fire hazard (Blair and Witt 2004; Geyer et al. 2002). Vegetation in an
electrical substation yards can also damage vital components within the substation, thus
increasing maintenance costs (Blair and Witt 2004).
Ten to fifteen cm of rock gravel is regularly required as a ground cover in
electrical substation yards (McDonald 2003). This feature benefits the operation and
maintenance of the facility by providing appropriate site drainage, minimizing weed
growth, improving working environment, and enhancing aesthetics (McDonald 2003;
USEUI 1968).
There is limited research published on maintenance of electrical substation yards.
Along with limited research on bareground herbicides is the limited number of herbicides
used specifically for bareground herbicide application. Furthermore, as more weeds
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develop resistance to herbicides, development of new herbicide chemistry is essential to
provide new tools to combat these weeds (Mithila et al. 2011).
Another general vegetation management goal within the electric utility industry is
to maintain a weed-free environment in all other gravel areas, such as employee parking
areas, equipment storage areas, and other similar areas (Geyer et al. 2002). These areas
tend to have limitations on vegetation management techniques (due to gravel, mowing is
not an option) (TDOT 2009).
The use of herbicides is often the ideal method of vegetation control in these
electrical substation yards to maintain a weed-free area (McDonald 2003). Because
gravel makes an electrical substation yard a rainfall permeable area with low cation
exchange capacity, the substation yard often does not retain soil applied preemergence
chemicals well. Therefore, herbicides with low water solubility and contact herbicides
are often the most suitable for control of both annual and perennial weeds in electrical
substation yards (Gangstad 1989).
The objective of this experiment was to determine if DAS 2706 provides adequate
bareground control relative to other commonly used bareground herbicides. This
experiment also provided data to determine the duration of bareground control with both
commonly used bareground herbicides and DAS 2706.
Materials and Methods
This experiment was conducted in the spring of 2008 on one site in Lowndes
County, Mississippi and one site in Oktibbeha County, Mississippi to evaluate efficacy of
DAS 2706 compared with other selected bareground herbicides. Treatments were applied
to the Lowndes County site in March, 2008. This site was along the perimeter of an
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equipment storage lot on slightly sloped ground that was occasionally mowed. This
particular site was partially covered in a thin layer of gravel (approximately 4 to 6 cm).
Bermudagrass [Cynodon datylon (L.) Pers.] was the predominant vegetation at this site.
Approximately 90% of the site contained existing vegetation.
Treatments were applied to the Oktibbeha site in April, 2008. This site was an
abandoned gravel parking lot on level ground that had not been mowed in several years.
The Oktibbeha County site contained a layer of approximately 10 to 12 cm of gravel
rock. Species present at this site included bermudagrass, common chickweed [Stellaria
media (L.) Vill.], and white clover [Triolium repens (L.)]. Approximately 90% of the site
contained emerged vegetation, therefore experimental sites were broadcast treated with a
burn-down application of 9 L/ha glyphosate to control emerged vegetation. Because the
focus of the study was to determine the duration of residual activity, glyphosate was
applied broadcast to the entire experimental area to kill emerged vegetation prior to
residual bareground treatments being applied. Residual bareground treatments were
applied within one hour after the glyphosate application.
Each herbicide was applied to an area 3 m long and 1.5 m wide. A randomized
complete block design with three replicates was used at both sites. All treatments were
applied as a broadcast spray with a 8002 VS flat fan nozzle boom on a CO2 pressurized
backpack calibrated to deliver 233 L/ha.
Thirteen herbicide or herbicide combinations were applied to these sites: 841 g/ha
DAS 2706 plus 207 ml/ha aminopyralid (Milestone® VM); 701 g/ha DAS 2706 plus 172
ml/ha aminopyralid; 560 g/ha DAS 2706 plus 139 ml/ha aminopyralid; 207 ml/ha
aminopyralid; 841 g/ha DAS 2706; 701 g/ha DAS 2706; 841 g/ha DAS 2706 plus 207
32

ml/ha aminopyralid plus 158 g/ha sulfometuron-methyl (Oust® XP); 701 g/ha DAS 2706
plus 172 ml/ha aminopyralid plus 158 g/ha sulfometuron-methyl; 8.9 kg/ha diuron
(Karmex® DF) plus 158 g/ha sulfometuron-methyl; 10.8 kg/ha diuron plus 3.6 kg/ha
bromacil (Karmex® DF plus Krovar®) 7.2 kg/ha diuron plus 2.7 kg/ha tebuthiuron
(Spike® 80 DF); 701g/ha DAS 2706 plus 158 g /ha sulfometuron-methyl plus 79 g/ha
chlorsulfuron (Landmark® XP); and a treatment of only the glyphosate burn-down and
no residual treatment. All herbicides were applied with 0.25% v/v NIS.
Evaluations were taken at 30, 60, 90, and 120 DAT. Percent bareground control
was evaluated in this experiment. Control was evaluated in the form of percent
bareground control with 0 representing no control and 100 representing complete control.
The emphasis of this research is to build references based on scientific data to assist
further developments in substation, equipment storage, parking and other bareground
applications.
All data were presented as a percent bareground reduction compared to untreated
plots. All data were analyzed with ANOVA. Main effects of herbicide treatments were
tested. Because of the variability in weed pressure at each site, the probability for
differences among treatments was analyzed at a level of 0.10.
Results and Discussion
On both study sites, the 30 DAT visual evaluation and all other subsequent
evaluations revealed that bermudagrass appeared to be the predominant prevailing
species of all species remaining after application of glyphosate plus bareground
treatments. On the Oktibbeha County site, control of chickweed and white clover was
visually noticeable regardless of treatment. However, this was also observed in the
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untreated plots, with control partly due to glyphosate application and partly due to the
transition from cool- to warm-season vegetation and lack of rainfall to facilitate warmseason weed emergence and to activate the residual herbicides.
At 30, 60, and 90 DAT observations, there were no differences of percent
bareground control among any treatments (Figures 3.1-3.3). The lack of differences and
variation in treatment means may be attributed to lack of uniformity in weed species
across experimental sites used in this study.
The initial burn-down treatment of glyphosate provided partial weed control
through the 30, 60, and 90 DAT observations in the experiment, as noted by observations
made in plots that received no bareground herbicide. Lack of vegetation regrowth for this
period of time after the initial burn-down application may have been in part due to the
lack of rainfall.
However, differences among treatments were noticed in the 120 DAT
observations (Figure 3.4). Treatments of DAS 2706 as a stand-alone herbicide did not
provide satisfactory bareground control compared to treatments of diuron plus
sulfometuron and diuron plus bromacil at 120 DAT. Treatments of 560 g/ha DAS 2706
plus 139 ml/ha aminopyralid and 701 g/ha DAS 2706 plus 172 ml/ha aminopyralid plus
158 g/ha sulfometuron provided similar bareground results compared to the two
aforementioned diuron treatments. DAS 2706 and aminopyralid both show potential to
be used as a tank-mix partner with sulfometuron, which is commonly used for
bareground herbicide applications (Blair and Witt 2004). However, further research
should be continued to determine if tank mixing DAS 2706 with other bareground
herbicides is practical for bareground control.
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These data confirm that percent bareground control decreases between 90 and 120
DAT with all DAS 2706 treatments, regardless of tank-mix partner or as a stand-alone
herbicide (Figure 3.3-3.4). However, the diuron plus sulfometuron and the diuron plus
bromacil treatments both maintained a high level of percent bareground control relative
to the other treatments.
Also, relative to the other treatments in the experiment, aminopyralid provided
inadequate percent bareground control at 120 DAT (Figure 3.4). Data confirms that the
207 ml/ha aminopyralid treatment yielded similar results to the non-bareground herbicide
treatment.
The two treatments that provided the best bareground control at the 120 DAT
evaluations were the diuron plus sulfometuron and diuron plus bromacil treatments
(Figure 3.4). Grover (1997) found similar results with various diuron tank mix
combinations.
Based on the results of this experiment, it appears that although aminopyralid
applied alone or with several other herbicides did provide some short-term bareground
weed control, control was not as effective as other herbicide combinations for the
duration of this experiment. Since the weed control objective on bareground sites is longterm control, aminopyralid applied at rates evaluated in this study are not a suitable for
long-term control.
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Figure 3.1

Percent bareground in the 30 DAT evaluations by treatment

Data were pooled over locations. Means followed by the same letter are not significantly
different according Fisher’s Protected LSD at the significance level of 0.10.
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Figure 3.2

Percent bareground in the 60 DAT evaluations

Data were pooled over locations. Means followed by the same letter are not significantly
different according Fisher’s Protected LSD at the significance level of 0.10.
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Figure 3.3

Percent bareground in the 90 DAT evaluations

Data were pooled over locations. Means followed by the same letter are not significantly
different according Fisher’s Protected LSD at the significance level of 0.10.
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Figure 3.4

Percent bareground in the 120 DAT evaluations

Data were pooled over locations. Means followed by the same letter are not significantly
different according Fisher’s Protected LSD at the significance level of 0.10.
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APPENDIX A
EVALUATING AMINOCYCLOPYRACHLOR AND APPLICATION METHODS ON
POWER-LINE RIGHTS-OF-WAY

41

Figure A.1

Percent of loblolly pine stem count in the three evaluation categories across
all sites at 30 DAT.
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Figure A.2

Percent of loblolly pine stem count in the three evaluation categories across
all sites at 270 DAT.
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Figure A.3

Percent of loblolly pine stem count in the three evaluation categories across
all sites at 360 DAT.
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Figure A.4

Percent of sweetgum stem count in the three evaluation categories across
all sites at 30 DAT.
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Figure A.5

Percent of sweetgum stem count in the three evaluation categories across
all sites at 270 DAT.
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Figure A.6

Percent of sweetgum stem count in the three evaluation categories across
all sites at 360 DAT.
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Figure A.7

Percent of Eastern baccharis stem count in the three evaluation categories
across all sites at 30 DAT.
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Figure A.8

Percent of Eastern baccharis stem count in the three evaluation categories
across all sites at 270 DAT
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Figure A.9

Percent of Eastern baccharis stem count in the three evaluation categories
across all sites at 360 DAT
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Figure A.10 Percent of oak stem count in the three evaluation categories across all sites
at 30 DAT.
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Figure A.11 Percent of oak stem count in the three evaluation categories across all sites
at 270 DAT.
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Figure A.12 Percent of oak stem count in the three evaluation categories across all sites
at 360 DAT.
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